Ultrasonography of the anal canal, the rectum and the surrounding tissues using intraluminal transducers with transanal/rectal imaging provides high-resolution imaging with clearly distinguishable tissue-dependent echo signals. Endorectal ultrasonography depicts rectal wall layers and adjuvant structures with a high degree of precision. Anal endosonography is carried out to examine the sphincter muscles and the pelvic floor.
Introduction
The anorectal pathology is very frequent in clinical practice, the patients being addressed for anal fistula, fecal incontinence, hemorrhoidal disease, anal pain, anal fissure, rectocele, rectal prolapse, and rectal tumor. After the clinical and digital rectal exam, the ultrasonography represents the next step in the diagnostic procedure. To obtain reliable details, the transducers have to be as close to the organ of interest as possible. The conventional ultrasound of this region has several limitations considering the position of these organs in the pelvic cavity. The first ultrasound images of the bowel wall using an ultrasound transducer inside a body cavity were obtained in 1950 by Wild [1] . Nowadays the technical improvements of endorectal sonography provide very precise details of rectal wall layers and adjuvant structures, including the pelvic organs. There are two main approaches with corresponding equipment:
• Anorectal ultrasonography performed by clinicians and radiologists • Endoscopic ultrasound using flexible endoscope-mounted systems performed by gastroenterologists
Understanding the anatomy of the anorectal region and the main clinical indications remain the cornerstone for this examination, independent of the approach and equipment.
Anatomy of the anorectal region
The rectum is the final part of the large intestine, which is about 12-14 cm long and has a diameter of 2-6 cm, related to the content [2] . It begins at the rectosigmoid junction, at the level of the third sacral vertebra and runs inferiorly along the curve of the sacrum to pass through the pelvic diaphragm, where it is continued with the anal canal [3] . The rectum is surrounded by fatty tissue that contains blood vessels, nerves, lymphatics, and small lymph nodes [3] . It is delineated posterior by sacro-coccygeal bone structure, inferior by the insertion of the levator ani muscles and superior by the peritoneum [2] . The superior one-third is covered anteriorly and laterally by the pelvic peritoneum. The middle one-third is covered with peritoneum only anteriorly, which curves onto the bladder in the male and onto the uterus in the female. The lower one-third lacks of peritoneum and is related anteriorly to the bladder base, ureters, seminal vesicles, and prostate in the male and to the lower uterus, cervix, and vagina in the female [3] .
The internal sphincter, the longitudinal muscle layer, and the external sphincter surround the anal canal. It is delineated posterior by the levator ani muscles, laterally by the ischioanal fossa, and anterior by the apex of the prostate and the membranous urethra in male and posterior wall of the vagina in female [2, 3] .
The sphincter anal complex is formed by the muscles that represent the continuation of circular layer of the muscularis propria of the rectum, the striated external anal sphincter, and puborectal muscles, which belong to the levator ani muscles [4] . The lowest point of the external anal sphincter represents the upper anal margin; it is called the anal verge and is the principal landmark for rectal measurements [4] . The pectinate (dentate) line is located 1.5-2 cm upwards from the anus and separates the canal anal into the anatomical part located below the line and the surgical part located above the line [4] . The surgical anal canal extends from the pectinate line to the level of the puborectalis sling, which corresponds to the anorectal junction. The pectinate line is not detectable on radiological studies, representing the endoscopic view of the demarcation between the squamous epithelium (anoderm) and the columnar epithelium [4] . The anoderm is directly attached to the internal anal sphincter [4] .
The mesorectum is represented by the connective tissue, located between the middle part of the rectum and the upper surface of the levator ani. The mesorectum contains lymph nodes and neurovascular bundles, fat and fibrous tissue. It is limited posterolaterally by the pelvic visceral fascia and ventrally by an upper continuation of the rectogenital membrane (Denonvilliers' fascia). In females, this dense band forms the rectovaginal septum and in males, the rectoprostatic fascia. Laterally a tiny structure is detected, known as mesorectal or perirectal fascia [4] .
The rectal vascularization is provided by the rectal arteries (superior rectal artery from the inferior mesenteric artery, middle rectal artery from the internal iliac artery, and inferior rectal artery from the internal pudendal artery). The rectal venous drainage is realized by the superior rectal vein (that drains into the inferior mesenteric vein) and by the middle and inferior rectal veins (that drains into the iliac veins) [2] .
The lymphatic drainage is realized into three circuits:
1. superior station-drains the lymph vessels corresponding to the inferior mesenteric vessels and superior rectal vessels. This circuit has intermediate lymph nodes localized posteriorly and laterally to the rectum.
2. middle station-drains the lymph vessels into the iliac lymph nodes.
3. inferior station-drains the lymph vessels into the superficial inguinal lymph nodes [2] .
Ultrasonography of the anal canal, the rectum, and the surrounding tissues using intraluminal transducers with transanal/rectal imaging provides high-resolution imaging with clearly distinguishable tissue-dependent echo signals. Endorectal sonography is able to depict the rectal wall layers and the adjuvant structures, including the pelvic organs with a high degree of precision. Anal endosonography is carried out to examine the sphincter muscles and the pelvic floor.
Techniques and procedures used in endorectal ultrasonography

Conventional 2D ultrasound examination
The endoluminal ultrasonography is highly effective in most cases of anorectal pathology, as it provides accurate evaluation of rectal, perirectal, anal, and perianal pathology. It might be performed without preparation, but an enema significantly improves the image quality, especially in the oncological patients with stool residues [5] . The examination is carried out in the left recumbent position. In patients with sphincter insufficiency, the knee-elbow position might be preferred [4] .
The endoluminal ultrasound examination is mandatorily done after digital rectal exam and preferred after a proctoscopy examination. In case of an anal stricture, an inserted finger can appreciate the possible passage of the probe.
A mechanical or a biplanar transducer with a frequency of 10 MHz or higher is most frequently used [2, 4, 5] . Higher frequencies provide better resolution of the rectal wall and sphincter complex, while lower ones depict better, the components of the mesorectum [4] .
A condom containing gel is placed over the probe and a thin layer of water-soluble lubricant is placed on the exterior of the condom [3] . The transducer is inserted in a blind gentle manner and the patient is informed about the potential discomfort or pain during the examination [2] .
Some authors advice using a 3D 16 MHz probe for the spatial analysis of both the rectum and the surrounding tissues [6] .
By convention, the transducer is placed to provide the following image: the anterior aspect of the anal canal will be at 12 o'clock on the screen, right lateral will be at 9 o'clock, left lateral will be at 3 o'clock and posterior will be at 6 o'clock [3] . The depiction of all layers is possible for the whole circumference of the anal canal. At the origin of the anal canal, the "U" shape of the puborectalis sling is the main landmark and must be always identified [3] .
Five hypoechoic and hyperechoic layers are depicted corresponding to the anal canal wall [7, 8] . These five identified layers, from inner to outer are:
• the first hyperechoic layer corresponds to the interface between the transducer and the anal mucosal surface,
• the second hypoechoic layer is represented by the subepithelial tissues, being moderately reflective. The mucosa and the dental line are not identified by endoluminal ultrasound,
• the third hypoechoic layer corresponds to the internal sphincter, which is not completely symmetric, either in thickness or termination. It is continued superiorly with the circular muscle of the rectum. In elderly, this layer is inhomogeneous and more echoic [8] ,
• the fourth hyperechoic layer represents the longitudinal muscle, without constant thickness along the entire anal canal. The increased fibrous stroma is responsible for the echoic aspect of this smooth muscle. In the inter-sphincterian space, the longitudinal muscle and the striated muscles fibers from the levator ani forms "conjoined longitudinal layer" [9] ,
• the fifth mixed echoic layer corresponds to the external anal sphincter; it has three parts [10]:
(1) -the deep part contains the puborectalis muscle, (2) the superficial part has a broad attachment to the underside of the coccyx via the anococcygeal ligament. (3) the subcutaneous part lies below the internal sphincter.
In the axial plane, the upper part of the anal canal corresponds to the puborectalis muscle sling, the deep part of the external anal sphincter, and the complete ring of the internal anal sphincter. The middle part of the anal canal is formed by the superficial part of the external anal sphincter, the conjoined longitudinal layer, the complete ring of the internal anal sphincter, and the transverse perinea muscles. The lower part of the anal canal contains the subcutaneous components of the external anal sphincter [7] .
For the rectal examination, especially in oncological patients, special water-filled balloons might be used (Figure 1) . These balloons filled with about 90 ml of water compress the lesions and remove air from the rectum [5] . • the first hyperechoic layer depicts the interface between the balloon/transducer and the mucosal surface
• the second hypoechoic layer corresponds to the mucosa and the muscularis mucosa,
• the third hyperechoic layer represents the submucosa the fourth hypoechoic layer identifies the muscularis propria
• the fifth hyperechoic layer corresponds to the serosa or to the interface with the mesorectum. The mesorectum has an inhomogeneous pattern due to mixed anatomical structures: blood vessels, nerves, and lymphatic vessels. Depending on the position of the probe, the surrounding muscles are identified. The external anal sphincter is detected in the lower third of the rectum. Slightly above, it is replaced by the fibers corresponding to the levator ani muscles, that form puborectalis muscle sling. Between the puborectalis muscle sling and caudally located external sphincter, there is an intersphincterian plane filled with the lowest, tapered part of the mesorectum [11] . This plane is important for surgery and for the staging of the anal cancer [11] .
Endorectal ultrasound provides an accurate visualization of all pelvic organs adjacent to the rectum: the bladder, the intestinal loops, the seminal vesicles, and prostate in males, and the uterus, cervix, vagina, and urethra in females [3] .
The endoscopic approach is nowadays frequently used by the gastroenterologist to assess the anorectal region by ultrasound. Initially, the standard radial endoscopic ultrasound scan was used. The rigid endoscopic ultrasound scan has been used since the early 1980s. Technical improvements provided different types of linear as well as radial scanning devices with frequency varying from 5 MHz to 15 MHz [12] . The echoendoscope is inserted and advanced beyond the lesion, under direct visualization to the rectosigmoid junction. The balloon is slowly inflated and the lumen is filled with water. From this position in the middle of the lumen, the scope is to achieve perpendicular imaging of the rectal wall layers. Once the bladder is identified, the image is mechanically rotated so the bladder is located at 12 o'clock position. Then the instrument is withdrawn slowly, with the transducer kept at the middle of the rectum.
No torching of the instrument is recommended, as this causes tangential imaging and possible inaccurate assessment of the depth of tumor penetration. In males, upon withdrawing the probe at 12 o'clock position, the seminal vesicles and the prostate are displayed. In females, this manoeuvre brings in view the uterus and then the vagina, with a hyperechoic band in the center that represents air [13] .
Contrast endoluminal ultrasonography of the rectum and the anal canal
Different ultrasound techniques improve daily practice in benign and malignant pathology. Local contrast agents facilitate the depiction of fistulas through direct administration (Figure 3) . Intravenous contrast agents define vascular pattern for tumor pathology related to anorectal region or prostate (Figure 4) . Hydrogen peroxide was investigated as an image-enhancing contrast agent for improving the depiction and the characterization of the fistulas during endoanal ultrasonography [14] . After a conventional endoanal ultrasound is performed, external perianal openings are cannulated and approximately 1 ml of peroxide is administered. After reinsertion of the endoprobe, the entire course of the echogenic fistula, including its relation to the internal and external sphincters and the levator ani muscle are depicted in real time, which facilitates surgical planning [14] .
The use of contrast agents within the bloodstream gained more and more applications in the last few years, as it enables the detection of very slow blood flow in vessels measuring as little as 40 μm. Contrast enhanced ultrasound (CEUS) provides valuable information regarding the characterization of a circulatory bed and the evaluation of the neoangiogenesis process [15] . Quantitative parameters are determined during the passage of the contrast agents through a region of interest, mainly by analysis of the time-intensity curve parameters [15] . For rectal cancer, CEUS provides noninvasive biomarkers of tumor angiogenesis and might predict patient prognosis [16] . Contrast enhanced endorectal sonography increases the detection of prostate cancer and facilitates the target biopsies [17, 18] .
Doppler ultrasonography
The Doppler ultrasonography provides information regarding the flow within large vessels. Doppler-guided hemorrhoidal ligation was introduced into clinical practice 20 years ago (Figure 5 ) [19] . Doppler-guided hemorrhoidal dearterialization is a safe and effective method to treat grades II-IV hemorrhoidal diseases, especially in those with previous anal surgeries or previous alterations of fecal continence, when an additional procedure might represent a risk of definitive incontinence [19] . 
Transanal real-time elastography
The transanal real-time elastage in rectal cancer ranges is between 80stography was demonstrated to yield valuable information regarding elastic properties of the anal sphincter, especially in patients with fecal incontinence. A pathological elastogram is considered, when predominantly hard elements are detected. This technique was investigated in different pathologies, anorectal surgery in irradiated and non-irradiated individuals and Crohn's disease. Based on studies conducted by Allgayer et al. [20, 21] the transanal realtime elastography with quantitation of sphincter elastic properties yields no further diagnostic and prognostic information compared to conventional endosonography.
Three-dimensional ultrasound
The three-dimensional ultrasound is provided from the synthesis of a high number of parallel transaxial two-dimensional images [3] . The image can be rotated, tilted, and sliced to allow the physician to analyze different section parameters, different angles and to assess accurately distances, areas, angles, and volumes [3] . Three-dimensional endorectal ultrasonography is useful for assessing the depth of submucosal invasion in early rectal cancer and for selecting therapeutic options [22] .
Endorectal ultrasonography examination for diagnosis and staging of rectal and anal tumors
The management of patients with anorectal neoplasm requires specific information regarding:
• tumor spread (T features),
• detailed evaluation of mesorectal fascia,
• extramural venous invasion,
• lymph nodes involvement (N features),
• presence of distance metastasis (M features) [4] .
The tumor-node-metastasis (TNM) system represents the standard of care for rectal and anal staging ( Table 1 ) [23] .
The ultrasound feature of rectal cancer is a hypoechoic lesion that disrupts the normal fivelayer sonographic structures of the rectal wall. The distal border of the tumor must be precisely depicted in relation to the anterior peritoneal reflection (in males, the relation of the distal border of the tumor to the seminal vesicles and in females, to the cervix are determined) [24] .
The ultrasound images relevant to T staging are:
• T is corresponds to the first hypoechoic layer expended, but without the second hyperechoic layer involvement.
• T 1 invades the submucosa, but without muscularis propria involvement, it is detected in ultrasound when the second hyperechoic layer is stippled or broken in appearance, but generally intact.
• T 2 ultrasound appearance is depicted when the second hyperechoic layer is completely disrupted and the mass may extend into the second hypoechoic layer.
• T 3 corresponds to the perirectal fat or serosa invasion, the outer hyperechoic layer is disrupted.
• T 4 is easy diagnosed as the tumor is extended into neighboring organs [25] . Tumor perforates visceral peritoneum (T 4a ) and/or directly invades other organs or structures (T 4b ) N x Regional lymph node cannot be assessed Regional lymph node cannot be assessed N 0 No regional lymph node metastasis No regional lymph node metastasis N 1 Metastasis in the perirectal lymph nodes Metastasis in 1 to 3 regional lymph nodes N 1a -Metastasis in 1 regional lymph node N 1b -Metastasis in 2-3 regional lymph nodes N 1c -Tumor deposit(s), i.e., satellites in the subserosa or in nonperitonalized pericolic or perirectal soft tissue without regional lymph node metastasis N 2 Metastasis in unilateral internal iliac and/or inguinal lymph nodes Metastasis in 4 or more regional lymph nodes N 2a -metastasis in 4-6 regional lymph nodes N 2b -metastasis in more regional lymph nodes The accuracy of T stage in rectal cancer ranges is between 80 and 95% [26, 27] . The T 2 tumors are frequently over-staged as T 3 tumors, because peritumoral inflammation cannot be accurate differentiated from desmoplastic reaction [28] . From the clinical point of view, this overstaging has no significant impact as T 2 tumors have the same prognosis as T 3 tumors with less than 1 mm spread [4] (Figure 6) . The assessment of T 3 tumors is very important, especially the measurement of the depth of extramural spread in the mesorectal fat, since T 3 tumors with less than 5mm mesorectal invasion have a 5-year survival rate of 85% and T 3 tumors with more than 5 mm mesorectal invasion have a 5-year survival rate of 54% [4, 29, 30] . Minimally invasive T 3 tumors present an invasion into the mesorectal fat less than 2 mm beyond the muscularis propria and advanced T 3 tumor is characterized by an invasion of more than 3 mm [24] . These measurements are difficult to be performed in lower anal canal tumors, on its anterior wall or in patients with a small amount of perirectal fat [4] . The endoscopic ultrasound sensitivity for T stage is highest for advanced disease (96.4% for T 3 and 95.4% for T 4 ) compared to early disease (87.8% for T 1 and 80.5% for T 2 ) [31] . The extramural venous invasion is detected by magnetic resonance imaging using a score proposed by Smith et al. [32] and represents an important prognostic factor since the detected venous invasion had a 3.7 times increased relative risk of metachronous metastatic disease [33] .
The assessment of lymph node in patients with rectal cancer represents a debated issue. The ultrasound defines the size, border, shape, and echogenicity and enables tissue biopsy sampling. The features suggestive for malignancies are: enlarged nodes (≥1 cm in short axis), hypoechoic appearance, round shape, and smooth border (Figures 7 and 8 ) [24] . As the accuracy of the endocavitary ultrasound for N stage is moderate [31] , fine needle aspiration should be used when critical decision regarding neo-adjuvant chemotherapy is proposed [24] . Different new ultrasound techniques has improved the diagnosis of the rectal and anal canal tumors.
3D-endocavitary ultrasound allows an accurate measurement of rectal tumors and identification of anatomical relationships, which assists the surgical planning procedure (Figure 9 ). Contrast enhanced ultrasound depicts the vascular pattern for rectal lesions [15] . Quantitative parameters might be measured during the passage of the contrast agents through a region of interest, mainly by analysis of the time-intensity curve parameters [15] . For rectal cancer, CEUS provides noninvasive biomarkers of the neoangiogenesis and might predict patient prognosis (Figure 10 ) [16] . The elastography become an "extension" of the clinical sense, strengthening and confirming the final diagnosis by its ability to measure the tissue elasticity. Different techniques are used: strain elastography imaging (SEI), shear wave imaging (acoustic radiation force impulse imaging (ARFI) and shear wave elasticity imaging (SWEI). ARFI and SWEI are quantitative methods. No data have been published so far concerning their use in the assessment of the rectal tumors. The rectal tumors are stiffer than the tumor-free rectal wall and the perirectal fat tissue. An optimal differentiation between benign and malignant lesions was obtained at a cut-off value of the mean strain ratio cut-off value of 1.25 [34] (Figures 11 and 12) . Preoperative neoadjuvant chemo-radiotherapy (N 3-4 or lymph nodes involvement) is used to downstage rectal cancer in order to improve survival and to allow sphincter-preserving low anterior resection [12] . Considering the necrosis, inflammation, and fibrotic changes following neoadjuvant therapy, the assessment of tumor nodes through ultrasound might not be adequate. The T re-stage accuracy is 50% (Figure 13 ) [35] [36] [37] [38] . The accuracy can be improved by depicting the intense and chaotic vasculature of residual tumor tissue through Doppler technique [39] or contrast-enhance ultrasound [40, 41] . Endoscopic ultrasonography of rectum can also be used for rectal cancer recurrence postoperatively with high accuracy [41, 42] . In some cases the ultrasound feature of tumor recurrence cannot be differentiate by post-surgery fibrosis or inflammation [24] . Obtaining biopsy samples through fine needle aspiration improves the detection of rectal recurrences. Also depiction of the vascularization through Doppler techniques or CEUS can considerably increase the specificity of transrectal ultrasound in differentiating tumor relapse from fibrosis [39, 40, 43] . The endoscopic ultrasound is recommended for follow up after surgery at six months interval for two years [24] . The anastomotic sites might be revealed as cystic lesions with heterogeneous wall thickening and fine needle aspiration might detect mucin containing inflammatory cells in the absence of malignant cells [44] .
Endorectal ultrasonography for benign pathology
Fecal incontinence
Patients with fecal incontinence frequently associate anal sphincter injury as a consequence of obstetrical trauma, anorectal surgery or accidental injury [45] . Endoanal ultrasonography can accurate depict the anal sphincter complex and surrounding perirectal tissues [45] . Anal sphincter tears are depicted as a discontinuity of the hypoechoic structure corresponding to the internal anal sphincter or of the more heterogeneous external anal sphincter [46] . Obstetric injury is located anterior and frequently involves both sphincters [46] . The accuracy of endoanal ultrasound for sphincters disruption is very high: 95% [47, 48] .
Anal fistulae and abscesses
The main causes for anal fistulae and abscesses are: Crohn's disease, post-operative infection, radiotherapy. The Parks classification of perianal fistulae depicts four types: inter, trans, extra and suprasphincterian [49] , according to their extension to the external anal sphincter and to the puborectalis muscles. The ultrasound appearance of the fistula is a hypoechoic linear structure with possible hyperechoic reflections (air) between anal canal or rectum or vagina. The use of hydrogen peroxide-enhanced anal endosonography provides better depiction of fistula and its relation to the internal and external sphincters and the levator ani muscles [50] . Alternative to hydrogen peroxide are represented by the new ultrasound contrast agents: Levovist or SonoVue [51] . The sonographic appearance of the abscess is a mass either anechoic or hypoechoic (with internal echoes corresponding to tissue debris) [52] . This technique is recommended for fistula diagnosis and monitoring in patients with Crohn's disease. The use of contrast agents and 3D techniques provides accurate assessment of complex fistula mapping before planning medical or surgery treatment. Also, it is useful for puncturing the abscesses in the operating room using an echoendoscopic approach or a surgery technique [52] .
Conclusions
Endoluminal ultrasonography of the rectum and the anal canal is a valuable method for the assessment and staging of rectal and anal canal tumors. It is also frequently used for perianal fistulae mapping, anal sphincter tears depiction in patients with fecal incontinence and for abscesses identification and puncturing. Different ultrasound techniques provide morphological, functional and vascular pattern accurate assessment of rectal tumors before surgery, after radiotherapy/chemotherapy, and after surgery (for the detection of relapses).
